Abstract-This paper considers the problem of multiple disjoint sources localization using time difference of arrivals (TDOA) and frequency difference of arrival (FDOA) with sensor position and velocity errors. By exploiting the observation that the multiple disjoint sources exhibit the same sensor location errors, the influence of sensor location errors can be greatly alleviated. The CTLS technique, as a natural extension of LS when noise occurs in all coefficients and the noise components of the coefficients are algebraically related, is more appropriate for the above problem, and a localization algorithm based on constrained total least-squares (CTLS) for estimating the positions and velocities of multiple disjoint moving sources with sensor location errors is proposed. Simulation results show that the proposed estimator achieves remarkably better performance than the two-step weighted least squares (WLS) approach, which makes the Cramé r-Rao lower bound (CRLB) at a sufficiently high noise level before the threshold effect occurs.  Index Terms-first term, second term, third term, fourth term, fifth term, sixth term
sources is that they exhibit the same sensor location errors, and we may be able to exploit this observation in addition to the prior statistical distribution of the sensor location errors to alleviate the influence of sensor location errors and improve the localization accuracy. They also proposed a novel two-step weighted least squares (WLS) approach in which the statistical distributions of the sensor location errors are taken into account to improve the localization accuracy. But it can attain the Cramé r-Rao lower bound (CRLB) only at high signal-to-noise ratio (SNR). Other methods for multiple disjoint source estimation such as iterative maximum likelihood estimator [5] may suffer from the problems of local convergence and divergence.
The total least squares (TLS) technique is a generalized least squares method to solve an overdetermined set of equations whose coefficients are noisy [6] . Sun et al. [7] applied the TLS method to this problem, which however does not consider that the noise components of the coefficients are algebraically related. And their solution cannot attain the CRLB accuracy for either distant or near source. The constrained TLS (CTLS) technique as a natural extension of TLS when the noise components of the coefficients are algebraically related, is more appropriate for this problem. Starting from the CTLS technique, this paper derives a robust algorithm for multiple disjoint moving sources location when sensor location uncertainties exist. By utilizing the Lagrange multipliers technique, this new solution gives sufficient accuracy with real-time implementation as well as global convergence, and more importantly, it is more robust to large sensor location noise than the two-step WLS method.
The paper is structured as follows: Section II presents the measurement model for multiple disjoint moving sources localization problem with sensor location uncertainties. In the Section III, a robust algorithm based on CTLS for this problem is developed. Simulations are included in Section V to evaluate the estimator performance by comparing it with the two-step WLS method [4] , with the CRLB as the reference. Finally, the conclusions are drawn in Section VI. 
II. PROBLEM FORMULATION
The collection of all measurements is denoted by the 2 ( 
To make use of FDOAs, taking the time derivative of (5): (6) where
Collecting all items in (5) and (6) for each i , 2, , iM  to yield the vector equation from both TDOA and FDOA measurements.
where 
The TLS solution is obtain by perturbing j C , in order to correct for noise present in j C , while simultaneously keeping the sum of the squares of the norms of the perturbations at a minimum. Formally, the TLS solution is derived from
where F  stands for the Frobenius norm of a matrix that is defined by tr{ } T F  B B B , where tr{( )}  denotes the trace of ()  . The TLS solution can be derived using Lagrange multipliers or the singular value decomposition (SVD) of j C , as follows [7] . But in the case of this paper, the noise components of the coefficients are algebraically related, that is, linearly dependent; then, the TLS solution may no longer yield optimal statistical estimators. The CTLS technique can be a natural extension of TLS to the case when the noise components of the coefficients are algebraically related [5] , [8] . 
where Find all roots of this standard polynome by using a polynomial rooting operation. Then take only the real roots into consideration as the Lagrange multiplier is always real for a real optimization problem.
3) Put the real  's back to (19) and obtain subestimates of θ . Then choose the solution θ from those subestimates which makes the () J θ minimum.
4) Construct θ
W using the obtained θ in step 3. Then, repeating steps 2 and 3 to obtain an accurate solution. Simulations in section V illustrate that repeating steps 2 and 3 twice is sufficient to obtain an accurate solution.
IV. SIMULATIONS
This section presents a set of Monte Carlo simulations to corroborate the theoretical development and to evaluate the performance of the proposed algorithm by comparing the estimation bias and accuracy of it with the two-step WLS method [4] . Two repetitions are applied for the two-step WLS method and the proposed method. In the following simulation scenarios, the unit for the positions is meters, and that for the velocities is meters per second. m . Fig. 1 shows the accuracy of position and velocity estimate of the proposed method in terms of RMSE as the sensor location errors power increases, compared it with the two-step WLS location algorithm in [4] , as well as CRLB for multiple disjoint sources location [4] and CRLB for a single source location [3] . The CRLB for multiple disjoint sources location is obviously lower than the CRLB for a single source location. For the source position and velocity estimations, the two-step WLS method departs precipitously from the CRLB for multiple disjoint sources at a noise power about -5 dB, while the proposed estimator gives inaccurate estimate at the noise power about 5 dB. The threshold effect of the proposed method occurs at a noise power that is about 10 dB later than that of the two-step WLS method as the noise power increases. This appealing feature benefits the cases with large sensor location errors, in contrast to the two-step WLS approach. Fig.  2 . Again, the CRLB for multiple disjoint sources location is obviously lower than the CRLB for single source location, and the proposed method is superior to the twostep WLS method in terms of RMSE for estimating the position and velocity of a far-field moving source. The threshold effect of the proposed method occurs at a noise power that is about 10 dB later than that of the two-step WLS method as the noise power increases. This appealing feature benefits the cases with large TDOA/FDOA measurement noises and sensor location errors, in contrast to the two-step WLS approach. Fig. 3 and Fig. 4 oT  u . Again, the CRLB for multiple disjoint sources location is obviously lower than the CRLB for single source location, and the proposed method is superior to the two-step WLS method in terms of RMSE for estimating the position and velocity of a far-field moving source.
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B. Far-Field Source Location
The estimation accuracy is one of the metric to evaluate the performance of the proposed algorithm, and computational complexity is another important metric to evaluate the performance of algorithms. The price of the better performance for the developed approach is that its computational complexity is larger than two-step WLS method. In the same simulation condition, the time of 10000 independent runs for two-step WLS algorithm and the proposed algorithm are approximately 46.1712 s and 88.0763 s, respectively. It is obvious that the proposed algorithm can be easily implemented in a real-time system as the two-step WLS method. 
V. CONCLUSIONS
In this paper, a robust method for estimating the positions and velocities of multiple disjoint moving sources based on TDOA and FDOA measurements with sensor location uncertainties is proposed. An interesting observation about the multiple disjoint sources is that they exhibit the same sensor location errors, and this observation in addition to the prior statistical distribution of the sensor location errors can be used to alleviate the influence of sensor location errors and improve the localization accuracy. By exploiting the observation that multiple disjoint sources exhibit the same sensor location errors, the influence of sensor location errors can be greatly alleviated and the localization accuracy can also be improved remarkably, the CRLB for multiple disjoint sources location is obviously lower than the CRLB for single source location. And the proposed method takes the noise components in all coefficients into account to minimize the effect of sensor location errors and measurement noises, and it does not have convergence and initialization problems, as in the conventional linear iterative method [5] . This method can be easily implemented in a real-time system as the two-step WLS method, but its threshold effect occurs apparently later than the two-step WLS method, as sensor location errors and measurement noises increase. The accuracy of the proposed method achieves the CRLB for multiple disjoint sources location at a sufficiently high noise level before the threshold effect occurs. This feature is appealing for both moderate and high measurement noise levels in practice.
